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1993) to below detection limits. Because of the potential for more
efficient oxygen supply, the use of hydrogen peroxide expanded in-
terest in bioremediation. However, even though hydrogen peroxide
did significantly improve oxygen supply, it, too, had severe limita-
tions: in the treatment of vadose zone (unsaturated) soils and the
instability of hydrogen peroxide in certain types of soils (Britton,
1985), which can cause problems such as too rapid decomposition
and formation plugging.

The first change in the use of hydrogen peroxide came with the
development of soil vapor extraction (SVE), which is now recognized
as a more efficient supplier of oxygen for unsaturated soils and which
has replaced the use of hydrogen peroxide (Brown and Crosbie, 1989).
While the focus of soil vapor extraction has always been removal of
volatiles, it was observed that the process of vapor recovery could
also result in substantially increased biodegradation rates (Thornton
and Wooten, 1982; Wilson and Ward, 1986). Several recent tests,
such as those conducted by the U.S. Air Force, have demonstrated a
high degree of biooxidation versus physical removal (Miller et al.,
1990).

The development of SVE led to a broadening of remedial technol-
ogy. Because soil vapor extraction could physically remove volatile
organics, bioremediation became less of a stand-alone technology.
Site remediation became an integrated approach using SVE and
bioremediation.

Concerns with hydrogen peroxide stability led to a search for
other soluble electron acceptors. Several tests were conducted to
evaluate nitrate as an alternate electron acceptor for degradation of
monoaromatic (except benzene) and polyaromatic compounds. Ni-
trate is inexpensive, is easily transported through the formation, and
appears to cause fewer problems than oxygen. However, nitrate does
not result in degradation of aliphatic compounds, and its use may be
limited by state and local regulations and concerns for nitrite forma-
tion and potential for eutrophication.

The most recent innovation in bioremediation technology has been
the use of air sparging to oxygenate ground water (Brown and Jasiulewicz,
1992). Air sparging involves injecting air below the water table to
saturate the ground water with air (and thus provide oxygen), as
shown in Figure 1. The process can also transfer volatile components
to the unsaturated zone for capture by a vapor recovery system. Currently,
air sparging is receiving great attention because it is relatively inex-
pensive and can distribute oxygen across the entire site at one time
rather than relying on an oxygen front moving across the site. In
formations where air sparging is applicable, it has supplanted hydro-